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[1] The mesoscale patterns of cloud/precipitation radar
reflectivity from early CloudSat data are used to identify
distinct tropical cloud regimes via a cluster analysis. Five
basic cloud regimes are identified, and the geographical
distribution of their occurrence frequency is quantified.
Although the contemporary MODIS observations show
some limitations to CloudSat observations, comparison
with traditional passive satellite observations shows that
CloudSat describes the major features of the vertical structure
of the tropical cloud regimes. Using the monthly mean
vertical velocity at 500 hPa as an indicator, the elements of
each cloud regime are sorted into different dynamical
regimes, and the results demonstrate the links between
clouds and the atmospheric circulation. Citation: Zhang, Y.,

S. Klein, G. G. Mace, and J. Boyle (2007), Cluster analysis of

tropical clouds using CloudSat data, Geophys. Res. Lett., 34,

L12813, doi:10.1029/2007GL029336.

1. Introduction

[2] Current Global Climate Models (GCMs) cannot ac-
curately and consistently simulate cloudiness [Bony et al.,
2004]. In order to improve models, it is first required to
identify where the simulated clouds differ from observations
of the real world. Cloud simulations have been evaluated
against observations from satellite and ground sites in the
past. The CloudSat radar is the first spaceborne millimeter
wavelength radar, and the new global survey of cloud
vertical profiles provides many opportunities to describe
cloud structures and apply that knowledge to improve cloud
parameterizations in models.
[3] Due to irregular space-time sampling from surface or

space platforms, the traditional method to evaluate GCM
simulated clouds relies on comparing large spatial and tempo-
ral means of model output with observations [Weare et al.,
1996]. But because of compensating errors, this method
cannot effectively constrain cloud simulations [Norris and
Weaver, 2001]. A complementary method is to group cloud
properties using the meteorological parameters, such as
500-hPa vertical velocity or Sea Surface Temperature, with
which they co-vary [e.g., Wyant et al., 2006; Bony et al.,
2004]. The most important disadvantage associated with
this method is a lack of reliable data for some atmospheric
variables, such as the vertical velocity from weather anal-
yses. Another technique, termed ‘cluster analysis’, aims to
objectively identify cloud regimes based on observed cloud
information alone without any knowledge of other meteo-

rological parameters. This simple approach can classifies
objectively distinct cloud regimes which can then be linked
to atmospheric characteristics. In this approach, the charac-
ter of the individual clusters is objectively described by the
data themselves.
[4] The cluster analysis method has been implemented on

passive sensing satellite data in tropics [Jakob and Tselioudis,
2003; Rossow et al., 2005], in a single midlatitude spatial
domain [Gordon et al., 2005], and on Tropical Rainfall
Measuring Mission (TRMM) data [Boccippio et al., 2005].
We show early results from CloudSat radar data using a
cluster-analysis method, and relate the regimes and radar
reflectivity to 500 hPa vertical pressure velocity. Section 2
briefly describes the observations and the cluster method.
Results are presented in section 3, while the potential
application of these results and future work with CloudSat
data are discussed in section 4.

2. Observations and Analysis Method

[5] CloudSat, launched on 28 April 2006, is orbiting in
formation with other NASA spacecraft in the A-Train
[Stephens et al., 2002]. The Cloud Profiling Radar (CPR)
[Im et al., 2006] on CloudSat is a 94-GHz nadir-looking
radar which measures the energy backscattered by clouds
and precipitation within a 1.5 km across-track by 2.5 km
along-track radar footprint. Cloud vertical boundaries can
be estimated at a 250 m sampling interval. The radar,
providing simultaneously observations on cloud condensate
and precipitation, will complement the remote sensing data
collected by other A-Train instruments. The CloudSat
ground track repeats every 16 days. The sample rate is
0.16 second per vertical profile. The data used here is from
one of the CloudSat Standard Data Products, Level 2B
Cloud Geometrical Profile (2B-GEOPROF) [Mace, 2004].
At this stage, CALIPSO data are not used in this study.
[6] The vertical profiles of radar reflectivity collected

during 84 days (Jun 15 � Sep 6 2006) form the basis of the
analysis for the tropical regions (±30� latitude). We look for
distinctive patterns in the joint frequency distributions of
the height and radar reflectivity (hereafter H-dBZ) from
200 profile sequences occurring within�2� regions (hereafter
referred to as an element). The length of each element is similar
to the horizontal size of the regions used in the analysis of
passive ISCCPD1data. The seven pressure boundaries used to
bin CloudSat data coincide with those in the ISCCP D1
dataset, and the height-pressure conversion is based on the
standard tropical profile. Since the domain analyzed is differ-
ent for this study than for the other studies, the clustering may
find somewhat different clusters. Due to surface contamination
[Mace et al., 2007], the signal returns from the first 1 km are
not considered. Reflectivity above the CPR minimum detect-
able signal of�28 dBZ is binned into seven categories with a
bin interval of 10 dBZ. The relative frequency of occurrence
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